Introduction {#Sec1}
============

Cardiovascular diseases (CVD), especially ischaemic heart disease and stroke, are the leading cause of morbidity and mortality worldwide \[[@CR1]\]. Although CVD mortality rates have decreased in the USA \[[@CR2]\] and in Europe \[[@CR3]\], the rise of obesity and type 2 diabetes threaten to reverse this trend. Ethnic minority populations in Europe appear to exhibit higher rates of CVD and its associated risk factors such as type 2 diabetes and obesity, than the European host populations \[[@CR4]\]. Furthermore, low- and middle-income countries (LMICs) are experiencing a steep surge in CVD prevalence, while already contributing 80% to the global burden of CVD \[[@CR5]\]. This high CVD burden in LMICs is associated with changes in living and work environments following urbanisation, increasingly sedentary lifestyle, westernised diet as well as increased rates in diabetes, obesity, and smoking \[[@CR6]\].

As part of its impact goals, the American Heart Association (AHA) in 2010 included the goal to increase the overall cardiovascular health (CVH) within the whole (US) population \[[@CR7]\]. To realise this goal, the AHA created a quantifiable construct, which included four behavioural (smoking, body mass index \[BMI\], physical activity \[PA\], and diet) and three biomedical (blood pressure, total cholesterol, and fasting plasma glucose \[FPG\]) risk factors for CVD. Thresholds were applied to define three categories (poor, intermediate, and ideal) for each constituent 'metric' and for overall CVH (Supplementary Table 1). Several studies have been carried out to show the distribution of the ideal CVH metrics, comparing the CVH in different ethnic minority populations in the USA \[[@CR8], [@CR9]\]. Folsom et al. \[[@CR8]\] show that African Americans are less likely to have overall ideal CVH than White Americans, and Bambs et al. \[[@CR9]\] show that White Americans are more likely to fall within the ideal category for each individual CVH metric than African Americans except for total cholesterol.Table 1Baseline characteristics of study population by gender and by siteBaseline characteristicsAll sitesAmsterdamBerlinLondonGhana UrbanGhana RuralWomen*n* = 2166*n* = 532*n* = 211*n* = 501*n* = 596*n* = 326Mean age (SD)45 (11)44 (9)42 (11)47 (11)44 (11)45 (13)Gender (%)2166 (62)532 (60)211 (46)501 (63)596 (72)326 (60)Current smokers (%)14 (1)6 (1)6 (1)1 (0)1 (0)0Mean height (cm) (SD)160 (6)161 (6)163 (6)161 (6)159 (6)158 (7)Mean weight (kg)73 (16)78 (15)75 (12)80 (15)71 (15)59 (13)Mean BMI (SD)29 (6)30 (5)28 (5)31 (5)28 (5)24 (5)Education above college194 (9)20 (4)21 (10)127 (26)18 (3)8 (2)Education below college1955 (91)505 (96)189 (90)367 (74)578 (97)316 (98)Alcohol (g/day) (SD)2 (9)3 (9)6 (18)2 (8)1 (3)1 (4)Men*n* = 1344*n* = 348*n* = 250*n* = 298*n* = 234*n* = 214Mean age (SD)47 (12)48 (9)45 (12)46 (12)46 (12)48 (14)Gender (%)1344 (38)348 (40)250 (54)298 (37)234 (28)214 (40)Current smokers (%)86 (6)24 (3)34 (7)4 (1)9 (1)15 (3)Mean height (cm) (SD)171 (7)171 (6)173 (6)171 (6)169 (7)168 (7)Mean weight (kg)75 (15)79 (13)79 (13)80 (12)69 (13)60 (11)Mean BMI (SD)25 (4)27 (4)26 (4)27 (4)24 (4)21 (3)Education above college264 (20)31 (9)46 (18)143 (49)27 (12)17 (8)Education below college1073 (80)315 (91)204 (82)150 (51)207 (88)197 (92)Alcohol (g/day) (SD)10 (27)9 (16)22 (41)3 (9)3 (11)10 (36)All variables reported as a means and standard deviation (SD) in brackets or frequencies and percentage (%) in brackets

Currently, data on CVH among sub-Saharan African populations in the African region are scarce \[[@CR10]\], and lacking for sub-Saharan African populations living in Europe. Although African Americans may share common ancestry with sub-Saharan African migrants in Europe, these populations differ considerably in socio-cultural aspects such as culture, language, diet, and socio-economic status as well as environmental factors including their migration history and the geographical location in which they reside \[[@CR11], [@CR12]\]. In addition, African Americans differ genetically from sub-Saharan African migrants in Europe due to genetic admixture \[[@CR13]\]. Most of these factors have an influence on CVD \[[@CR10]\] and thus probably also CVH. Therefore, sub-Saharan African migrants in Europe are likely to present different prevalence rates of ideal CVH than African Americans \[[@CR14]\]. Furthermore, evidence suggests important differences in CVD outcomes among sub-Saharan African populations residing in different European countries \[[@CR10]\]. It is unknown whether the prevalence of ideal CVH also varies among a particular migrant population living in different European countries. It is also unknown whether the prevalence of ideal CVH varies between migrants residing in European countries and their counterparts that remained in their country of origin.

Our study aim was to assess differences in the prevalence of CVH, as defined by the AHA, across a relatively homogenous population living in five different contexts (urban Ghana, rural Ghana, Amsterdam, Berlin, and London).

Methods {#Sec2}
=======

Study population and study design {#Sec3}
---------------------------------

The data used for this study come from the Research on Obesity and Diabetes among African Migrants (RODAM) study \[[@CR15]\]. Detailed description of the study, including the rationale, conceptual framework, design, and methodology of the RODAM study, has been given elsewhere \[[@CR15]--[@CR17]\]. In short, the study was carried out between 2012 and 2015, and it includes a relatively homogenous population of Ghanaian individuals residing in five study sites: rural Ghana, urban Ghana, Amsterdam, Berlin, and London. Urban Ghanaian subjects were recruited from two cities within the Ashanti region: Kumasi and Obuasi and rural Ghanaians were recruited from 15 villages within the Ashanti region. Ghanaian migrants residing in the European sites were selected from a compiled list of individuals gleaned from population registries or Ghanaian community organizations. Ethical approval was obtained from the respective ethics committees at all sites before data collection began in each country. Informed written consent was also obtained from each participant prior to enrolment in the study. The response rates in Ghana were 76% in the rural areas and 74% in the urban areas. The response rates in London and Berlin were 75% and 68%, respectively, among individuals who were registered in the various Ghanaian organizations and were invited to participate in the study. In Amsterdam, 67% of the contacted Ghanaians replied to the invitation and 53% of these subsequently took part in the study. The total number of cases within the RODAM study is 5898 \[[@CR16]\]. For this current analysis, 174 individuals were excluded for falling outside the age range of 18--70. Of the remaining 5724 participants, 1966 were excluded due to having pre-existing CVD, as assessed by the Rose Angina questionnaire and a cerebrovascular accident questionnaire. Subsequently, 248 participants were excluded from the remaining 3758 for having systematically missing data for both the PA and diet questionnaires. This resulted in the inclusion of 3510 individuals in this study.

Measurements {#Sec4}
------------

Physical examinations and questionnaires were completed according to standardized operational procedures across all study sites. Data on socio-demographics, health behaviour, dietary intake, and medical history were obtained by questionnaire. The health behaviour variables included smoking status, length of time since cessation of smoking and total physical activity (PA) per week. The WHO STEPS questionnaire was used to derive PA in metabolic equivalent of task (MET) h/week, including PA at work, while commuting and in leisure time \[[@CR18]\]. Smoking status was assessed as a positive reply to the question 'Do you smoke at all?' Food intake was assessed using a standardized Food Propensity Questionnaire (Ghana-FPQ) based on the multi-language, semi-quantitative European Food Propensity Questionnaire (EFPQ) \[[@CR19]\]. The Ghana-FPQ covers 134 food items in the preceding 12 months. The German Nutrient Database (BLS3.01) (2010) and the West African Food Composition Table (2012) were used to translate usual food intake (g/day) into energy consumption and intake of nutrients. The diet variables included the consumed amounts and frequency of the following: whole-grain bread and cereals (g/day), fruit (g/day), vegetables (g/day), fish (g/day), condiments (g/day), sugar-sweetened beverages (g/day), alcohol (g/day), and total energy intake (kcal/day). Sodium intake was estimated from the food frequency questionnaire (FFQ) in combination with food composition databases, which provided estimates of sodium content in each food assessed on the questionnaire. Physical measurements included anthropometrics and blood pressure. All the anthropometrics were measured two times by the same assessor and the mean of the two measurements was used for analyses. Weight was measured using SECA 877 scales to the nearest 0.1 kg in light clothing and without shoes. Height was measured with a portable stadiometer (SECA 217) to the nearest 0.1 cm without shoes. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m^2^). Blood pressure was measured three times with a validated semi-automated device (The Microlife WatchBP home) with appropriate cuffs in a sitting position after at least 5 min rest. The mean of the last two readings was used in the analyses.

Fasting venous blood samples were collected by trained research assistants in all sites. All the samples were processed and divided into aliquots immediately after collection, and then, temporarily stored at the local research location at − 20 °C according to the standard operational procedures. The samples were subsequently transported to the local research centres´ laboratories, where they were checked, registered, and stored at − 80 °C. The stored blood samples from the local research centres were finally transported to Berlin, Germany for biochemical analyses to avoid intra-laboratory variability. The concentration of fasting plasma glucose was assessed using an enzymatic method (hexokinase) and the total cholesterol concentration was determined using colorimetric test kits. All biochemical analyses were done using an ABX Pentra 400 chemistry analyzer (HORIBA ABX SAS, Montpellier, France).

Cardiovascular health definitions {#Sec5}
---------------------------------

Supplementary Table 1 shows the AHA definitions \[[@CR7]\], which were followed by this study, for the three categories (ideal, intermediate, and poor) for each of the 7 CVH metrics and overall CVH. The five dietary components were defined by an individual consuming the following:≥ 450 g of fruits and vegetables per day;≥ two 100 g portions of fish a week;≥ three 30 g equivalent servings of fibre-rich whole grains per day;≤ 1500 mg sodium per day;≤ 450 kcal sugar-sweetened beverages: (1 L) per week.

The definitions of the biomedical metrics did not "include those, who achieve ideal levels of cardiovascular health factors through medication use (i.e., lipid-lowering, antihypertensive, or hypoglycemic agents) \[[@CR7]\]." The thresholds defining the poor and intermediate categories remain the same for those on such medication.

For this study, the data collected by RODAM were converted into units that satisfied the AHA definition for CVH as closely as possible \[[@CR7]\]. The FPG, total cholesterol and blood pressure, BMI, and smoking data were provided in units that the AHA thresholds could be directly applied to. The threshold weights of all the diet metric components apart from fruit and vegetables were recalculated to produce a daily threshold of g/day, as was recorded in the RODAM database. As there was no standardized weight for a cup of fruits and vegetables, which forms part of the AHA definition of daily fruit and vegetable intake, this study used the Dutch nationally recommended fruit and vegetable intakes to define the threshold in grams per day (200 g of fruit and 250 g of vegetables \[[@CR20]\]). A total number of minutes of PA per week were estimated from moderate and vigorous activity both in recreational and work settings, in which the vigorous activity was weighted twice as strongly as the moderate activity. To create three categories (poor, intermediate, and ideal) for overall CVH, the AHA definition was followed (Supplementary Table 1).

Statistical analysis {#Sec6}
--------------------

To avoid the bias associated with the remaining missing data (after the exclusion of cases systematically missing data in all constituent variables for PA and diet, as explained under 'study sample and study design'), multiple imputations were used for variables with missing values. Missing data were primarily due to non-response on the diet or PA questionnaires. The proportion of missing values among 3510 included individuals was 17.6% in the diet metric, 4.3% in the PA metric and 3% in the FPG metric, while less than 1% of the remaining metrics had missing values. Multiple imputations were carried out on the summary variables, e.g., the CVH metrics expressed in three tiers (poor, intermediate, and ideal) on the basis of the correlation of missing variables with other participant characteristics. Although usually, 5--10 data sets are deemed sufficient for multiple imputation, generating 20 data sets has been suggested, recently, to reduce sampling variability from the imputation process \[[@CR21]\]. In addition, we added variables related to covariates as predictors to the imputation model to increase the plausibility of the missing-at-random assumption. The method used was the Markov chain Monte Carlo (MCMC) algorithm, embedded in SPSS (IBM analytics). The difference in means between the original data and the pooled imputation data sets was less than 0.006 for every metric. This study reports the pooled results of analyses performed in each of the 20 imputed data sets.

Baseline characteristics of the study population were calculated as means or numbers with corresponding standard deviations or percentages, respectively. A Kruskal---Wallis test was carried out to ascertain whether the proportions of the three categories differed significantly across the study sites. Subsequently, the distribution of the proportion of individuals with 0--7 CVH metrics in the ideal category in each site was dichotomised to those with 0--5 and those with 6--7. Having six or seven ICVH metrics was chosen to define 'ideal' CVH because of the small number of participants having all seven ideal metrics (0.3%), as has been opted for in the previous studies \[9\]. Binomial logistic regression was carried out to compare the odds of individuals in each site of having 6--7 ideal CVH metrics compared to the reference population of rural Ghana, taking into account gender, age, and education level as confounding factors. Rural Ghana was chosen as the reference, with which the other sites were compared, due to rural Ghana being conceptually the environment of migratory origin, while the urban environments were conceptually the migratory destination. All statistical procedures were carried out in the program SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

Results {#Sec7}
=======

Baseline characteristics of study population {#Sec8}
--------------------------------------------

Table [1](#Tab1){ref-type="table"} summarises the baseline demographic variables for the study population on which analyses were carried out. 3% of the overall study population were smokers which ranged from 1% in urban Ghana and London to 9% in Berlin. Mean BMI was 27 (± 5) kg/m^2^, ranging from 23 kg/m^2^ in rural Ghana to 30 kg/m^2^ in London. Women had a higher BMI than men in all sites; the difference in BMI ranged from two points in Berlin to four points in London. Of all the participants, 9% had completed education above college or a high-level vocational education; this ranged from 5% in rural and urban Ghana to 34% in London. Men attained this level of education more often than women.

### CVH metrics {#Sec9}

The distribution of the CVH categories (poor, intermediate, and ideal) is shown for each of the 7 CVH metrics (Supplementary Figs. 1--7) and overall CVH (Table [2](#Tab2){ref-type="table"}), comparing across the five study sites as well as the average across all sites. For figures, results have been reported separately by gender, with panel A showing the results for women and panel B for men.Table 2Proportion of individuals with 0--7 CVH metrics in the 'ideal' category per site and for all sites in the RODAM studyAll sitesAmsterdamBerlinLondonGhana urbanGhana ruralICVH metrics%95% CI%95% CI%95% CI%95% CI%95% CI%95% CIWomen 00.00.0--0.20.00.0--0.60.00.00.10.0--0.50.0 13.23.2--5.03.93.9--7.95.22.5--8.74.54.2--8.52.00.8--3.20.90.0--2.1 214.314.7--17.715.415.6--22.518.313.0--23.718.518.8--25.914.912.1--17.72.71.5--5.5 328.726.7--30.630.826.4--34.430.623.9--36.937.131.7--40.027.724.3--31.413.110.5--17.9 428.625.9--29.727.221.7--29.027.921.4--34.029.824.3--32.130.827.0--34.425.220.8--30.6 517.715.0--18.117.011.6--17.514.610.2--20.18.64.5--9.018.215.2--21.133.828.3--38.3 67.25.5--7.65.72.8--6.32.00.5--4.01.50.0--1.66.04.2--8.023.918.0--26.8 70.30.1--0.50.01.40.0--3.20.00.30.0--0.80.40.0--1.0Men 00.10.0--0.40.60.0--1.50.00.00.00.0 14.74.4--6.97.26.2--12.76.43.6--9.35.94.7--10.91.80.4--4.10.0 215.114.4--18.520.50.18--27.523.718.9--29.517.215.1--24.17.94.5--11.11.40.0--3.3 325.523.7--28.628.20.25--35.629.524.0--35.630.724.7--35.426.220.8--31.78.65.6--13.5 427.623.7--28.528.00.19--28.424.418.9--29.329.622.9--33.230.324.8--36.225.219.2--31.0 519.216.2--20.313.20.8--14.513.99.8--18.714.69.4--16.923.517.9--29.136.830.2--43.1 67.55.7--8.62.00.3--2.42.10.4--3.82.00.3--3.410.36.5--14.527.021.4--32.8 70.30.0--0.50.30.0--0.90.00.00.01.00.0--2.4All values in this table are percentages and corresponding 95% confidence intervals (CI) of each of the CVH metrics in the ideal category (0--7)

Smoking {#Sec10}
-------

The vast majority of all participants were in the ideal category for the smoking metric (99% in women and 92% in men). Berlin had the highest proportion of current smokers (3% in women and 14% in men) and men (6%) smoked more than women (1%) across all sites (Supplementary Fig. 1).

BMI {#Sec11}
---

More men (47%) were in the ideal category for BMI than women (27%). In both men and women, there was a gradual decrease in the proportion of individuals within the ideal category from rural Ghana to urban Ghana to any of the European sites. London had the lowest proportion of individuals in the ideal category for BMI in both men and women (Supplementary Fig. 2).

Physical activity {#Sec12}
-----------------

The PA metric was scored more frequently in the ideal category than in the poor category except for women living in Berlin, where these two categories were scored equally. More men (70%) were in the ideal category for PA than women (64%) across all sites (Supplementary Fig. 3). A similar gradient in the ideal category was present in PA from rural Ghana to urban Ghana and Europe except for women in Amsterdam, who had a higher proportion in the ideal category (72%) compared to women in urban Ghana (60%).

Diet {#Sec13}
----

The proportion of individuals in the poor category for the diet metric across all sites was 12% for women and 21% for men. Berlin had the highest proportion of individuals in the poor category, with 20% of women and 36% of men. The proportions of individuals in the poor category for the diet metric were relatively similar between urban (4% for women and 11% for men) and rural Ghana (8% for women and 13% for men), while this is substantially higher in Berlin and London (19% for women and 29% for men) (Supplementary Fig. 4). The proportion of individuals in the ideal category is generally low, ranging from 0% in men from urban Ghana to 13.5% in women living in Amsterdam.

Total cholesterol {#Sec14}
-----------------

The majority of individuals across all sites were in the ideal category for the cholesterol metric (55% for women and 58% for men). In rural Ghana, the proportion of individuals in the ideal category was substantially higher than the other sites, and shows the largest gender difference (67% in women and 82% in men). The other sites had relatively similar proportions of individuals within CVH categories for total cholesterol, although women in Amsterdam had a higher proportion within the ideal category (60%) compared to Berlin (51%), London (51%) and urban Ghana (50%) (Supplementary Fig. 5).

Blood pressure {#Sec15}
--------------

The minority of women (33%) and men (20%) were in the ideal category for the blood pressure metric (20%). A similar gradient in the ideal category was present for the blood pressure metric as is the case in the BMI metric (rural Ghana \> urban Ghana \> European sites). Berlin had the lowest proportion of women (19%) in the ideal category, and London had the lowest proportion of men (9%) in the ideal category compared to the other sites (Supplementary Fig. 6).

Fasting plasma glucose {#Sec16}
----------------------

The majority of women (81%) and men (72%) were in the ideal category for the FPG metric. Amsterdam had the lowest proportion of women (71%) and men (58%) in the ideal category of FPG among the sites, while the other sites had relatively similar proportions in each of the CVH categories, except women living in Berlin, of whom 90% were in the ideal category (Supplementary Fig. 7).

Overall CVH {#Sec17}
-----------

Less than 1% of all participants were in the ideal category for overall CVH (Fig. [1](#Fig1){ref-type="fig"}). A gradient in the poor category is present for overall CVH from rural Ghana through urban Ghana to Europe. In the European sites, over three quarters of both men and women were in the poor category. The population with the highest proportion in the poor category was women in London (88%).Fig. 1Distribution of overall CVH (ideal, intermediate and poor) in women (**a**) and men (**b**). Each bar represents one of the five study sites except the first bar, which is an average of all sites

The proportion (and its confidence interval) of the number of CVH metrics for each site and for the average across all sites, which are in the ideal category, is displayed in Table [2](#Tab2){ref-type="table"}. Rural Ghana had the highest proportion (25.7%), followed by urban Ghana (7.5%), and the European sites had the lowest proportion of individuals with 6--7 ICVH metrics (4.4% in Amsterdam, 2.7% in Berlin, and 1.7% in London). In rural and urban Ghana, the majority of individuals had four or more ICVH metrics, while in Amsterdam, Berlin, and London, the majority of individuals had three or less ICVH metrics.

Results of the Kruskal--Wallis test show that the proportions of the poor, intermediate, and ideal CVH categories were significantly different across the five study sites for all of the CVH metrics and overall CVH (*p* \< 0.001). The results of the regression analysis showed that in comparison with rural Ghanaians and after adjustment for age, gender and education level, urban Ghanaians had 80% lower odds of having 6 or more components of ideal cardiovascular health (OR 0.20, 95% CI 0.15--0.29; *p* \< 0.001) (Table [3](#Tab3){ref-type="table"}). Compared to rural Ghanaians, Ghanaian migrants residing in Amsterdam, Berlin, and London had lower odds of having ≥ 6 components of ideal CVH after adjustment for age, gender, and education level. Migrants in Amsterdam had 87%, (OR 0.13, 95% CI 0.08--0.19; *p* \< 0.001) lower odds, migrants in Berlin had 94%, (OR 0.06, 95% CI 0.03--0.11; *p* \< 0.001) lower odds, and migrants in London had 96%, (OR 0.04, 95% CI 0.02--0.09; *p* \< 0.001) lower odds of having ≥ 6 components of ideal CVH independent of age, gender, and education level.Table 3Crude and adjusted odds ratios of ideal cardiovascular health by locality---RODAM studyCrudeModel 1Model 2OR (95% CI)*p*OR (95% CI)*p*OR (95% CI)*p*Rural GhanaReferenceReferenceReferenceUrban Ghana0.233 (0.169--0.322)\< 0.0010.203 (0.145--0.284)\< 0.0010.204 (0.145--0.286)\< 0.001Amsterdam0.132 (0.088--0.197)\< 0.0010.126 (0.083--0.190)\< 0.0010.125 (0.082--0.190)\< 0.001Berlin0.081 (0.044--0.148)\< 0.0010.059 (0.032--0.110)\< 0.0010.059 (0.031--0.111)\< 0.001London0.050 (0.026--0.095)\< 0.0010.047 (0.025--0.090)\< 0.0010.043 (0.021--0.087)\< 0.001Model 1 was adjusted for gender and age; Model 2 was adjusted for gender, age and education level*OR* odds ratio, *CI* confidence interval

Discussion {#Sec18}
==========

Key findings {#Sec19}
------------

A very low prevalence of ideal overall CVH was found among Ghanaians resident in multiple sites in Europe and Ghana even after adopting a more lenient definition. Ideal CVH decreased with a gradient from rural Ghana to urban Ghana to the European cities. Out of the European cities, Amsterdam had the highest proportion of individuals with ideal CVH, which was followed by Berlin, while London had the lowest proportion of individuals with ideal CVH. Out of the European cities, Ghanaians living in Amsterdam had the highest proportion of individuals in the ideal category for PA and diet, but had a slightly lower proportion of individuals in the ideal category for FPG compared to other sites. Berlin Ghanaians had the highest proportion of individuals in the ideal category for BMI, but had the highest proportion of current smokers. The blood pressure metric was relatively similar across the European sites, and the total cholesterol metrics did not vary substantially across all the urban sites (including urban Ghana). Moreover, a substantially higher proportion of individuals were in the poor category for the diet metric in Berlin and in London compared to the remaining sites.

Discussion of the key findings {#Sec20}
------------------------------

The results of the ideal CVH gradient from the rural Ghana through urban Ghana to Europe are consistent with the studies on rural through urban and high-income countries on cardiovascular disease risk factors \[[@CR22]--[@CR26]\]. This is very much a tribute to the impact of environmental factors on the constituent CVH metrics. An important underlying factor for this trend is the change in health-related behaviour that commonly accompanies migration, such as increased sedentary lifestyles, a decrease in PA, and a less healthy diet \[[@CR25], [@CR27]--[@CR30]\].

The results for the individual metrics are in accordance with the previous findings in the RODAM population \[[@CR31]--[@CR33]\]. The high level of physical activity in Amsterdam may be associated with the high proportion of physically demanding jobs reported by the Amsterdam Ghanaian community possibly due to low level of education among this group \[[@CR34]\]. In London and Berlin, on the other hand, the Ghanaian community has a higher level of education, and thus may have had jobs that were less physically demanding, compared with those living in Amsterdam. The differences in proportions of individuals within the ideal category of the BMI and smoking metrics, amongst the European sites, may be explained by the differences in contextual factors influencing BMI and smoking in the countries of settlement. The Netherlands has a mean BMI of 24.1, Germany has a mean BMI of 25.3, and the UK has a mean BMI of 26.2 \[[@CR35]\]. Smoking rate is highest in Germany (32.4%), followed by The Netherlands (26.2%) and UK (19.9%) according to the WHO Global Health Observatory (GHO) 2015 age-standardized data (<http://www.who.int/gho/tobacco/use/en/>). The lower proportion of individuals within the ideal category for FPG that we observed in Amsterdam compared to the other European sites does not reflect prevalence rates in the general population nor the constituent diet metric \[[@CR36]\]. Less healthy levels of FPG in the Ghanaian population in Amsterdam may be due to dietary habits not captured by the AHA definition of the diet metric that was used for this study.

Several studies have assessed CVH within populations in Europe. However, due to some not reporting overall CVH or using a different definition for overall CVH \[[@CR37]--[@CR43]\], it has not been possible to compare our results with every population \[[@CR41]--[@CR43]\] in which CVH prevalence has been reported in Europe. Graciani et al. \[[@CR37]\] reported CVH prevalence in a nationally representative Spanish population in which 3.6% of the population were found to have 6 or 7 metrics in the ideal category. This is similar to our results for the mean across the European sites in RODAM, where 3% of the population had 6 or 7 metrics in the ideal category. Wilsgaard and colleagues \[[@CR38]\] found a lower proportion (2.4%) of individuals with 6 or 7 metrics in the ideal category among residents of Tromsø, Norway aged 30--79 years. Crichton et al. \[[@CR39]\] conducted a study on a nationally representative sample in Luxembourg, where 20.6% of the study population were found to have 6 or more metrics in the ideal category. However, this study utilised two different diet measures, a recommended food score and a non-recommended food score, resulting in there being 8 CVH metrics rather than 7. As both diet metrics were scored in the ideal category frequently (≈ 40%), and as they were likely to be scored similarly by individuals, the addition of the extra diet metric is likely to have made the inclusion into the ideal category of overall CVH more lenient. Moreover, participants of the Paris Prospective Study III aged 50--75 years, have about 0.2% overall ideal CVH when having 5--7 ideal metrics categorised as ideal CVH \[[@CR40]\]. Another study from Bosnia and Herzegovina shows a higher proportion (about 7% in women and 3% in men) of individuals with 6 or 7 metrics in the ideal category, which may be attributed to the younger participants (18--39 years compared to above 40 years) \[[@CR41]\]. O'flynn et al. \[[@CR42]\], in a population of middle-aged Irish adults, only included individuals with 7 ideal CVH metrics in the ideal category of overall CVH, and found that no-one in this study population met those requirements. In the European sites of RODAM, on the other hand, 0.2% of the population had seven metrics in the ideal category.

A recent study in the UK reported a lower prevalence of overall ideal CVH than we found in RODAM \[[@CR43]\]. The proportion of ideal CVH in the EPIC-Norfolk cohort was 2.8%, while in the London site of the RODAM study, 5.9% were in the ideal category, after applying the same threshold for the ideal category to our data. In the EPIC-Norfolk study, the definition of the ideal category of overall CVH is 12--14 points on a 0--14-point score, where the score is the sum of the individual metrics (poor = 0, intermediate = 1 and ideal = 2). The prevalence of obesity in EPIC-Norfolk was 14%, which is substantially lower than the 42% found in this study, among Ghanaians living in London. On the other hand, for the cholesterol metric, 53% of Ghanaians living in London were observed to be in the ideal category in this study, while only 20% of the EPIC-Norfolk cohort were in the ideal category. Smoking is also far less prevalent in the London site of the RODAM cohort than in the EPIC-Norfolk study cohort. Blood pressure, diet, physical activity, and FPG levels are similar both in proportions of individuals in the ideal and poor categories between the London site of the RODAM study and the EPIC-Norfolk cohort. These findings are somewhat surprising considering that previous reports found a higher prevalence of hypertension and type 2 diabetes among African populations compared to the European host populations in Europe \[[@CR44]--[@CR46]\]. The lack of expected disparity between these cohorts in the FPG and blood pressure metrics might be attributable to the high level of education in the London site of RODAM, which may also have had an influence on health behaviours of the Ghanaian population. It may also be due to other contextual factors affecting health outcomes in the UK \[[@CR47]\].

The African migrant population in Europe seems to have better CVH compared to African Americans in the US. Comparing the number of CVH metrics in the ideal category between the European sites in the RODAM study to the African Americans in the ARIC cohort shows a higher proportion of individuals in the RODAM cohort (44%) with 4--7 ideal CVH metrics compared to the ARIC cohort (16%) \[[@CR8]\]. Comparing the average of the European sites in the RODAM cohort to the African American population assessed by Bambs et al. \[[@CR9]\] shows that the RODAM population has higher proportions of individuals in the ideal category across all CVH metrics except diet. Furthermore, RODAM has lower proportions of individuals in the poor category in all metrics except PA than the African American population. The lower proportions of individuals in the ideal category in studies by Folsom et al. and Bambs et al. compared to the RODAM cohort may be partially accounted for by the generally lower ideal CVH prevalence seen in the US compared to Europe. This is likely caused, in part, by the relatively low accessibility of healthy foods and high accessibility of unhealthy foods \[[@CR48], [@CR49]\]. In a literature review conducted by our own group \[van Nieuwenhuizen et al. unpublished (2017)\], there was a higher proportion of individuals in Europe with 4--7 CVH metrics in the ideal category (44.6%) than in North America (36.7%). On the other hand, there may be environmental factors associated specifically with the African American population in the US that has an influence on this disparity as well. For example, there is clearly a historical difference in the migratory origin between African Americans and African Europeans, which is likely to have left socio-cultural influences to this day. Furthermore, African Americans have been in the US for several generations, while Ghanaians in the RODAM study are mostly first generation migrants. This has an impact on the effect of acculturation of the migrant population and the 'host' population simply due to the amount of time that contact has taken place. The observed important differences in CVH among these African populations further demonstrate the need to pay attention to the diversity within the African descent populations in health studies \[[@CR50]\].

Although overall CVH appears not to differ between men and women, the pattern of metrics which add up to the total score does differ across the sexes. Gender differences found in the individual metrics across the study sites is in accordance with gender differences found in the constituent risk factors. Women have been reported to adhere more prevalently to healthy diets than men \[[@CR51]\]. Obesity is more common in women than in men globally \[[@CR52]\]. Engaging in a high amount of physical activity is more prevalent in men than in women. Hypertension, impaired fasting glucose, and smoking are generally higher in men than in women worldwide \[[@CR53]--[@CR55]\]. However, smoking prevalence in many high-income countries is equal in men and women, which may suggest that as migrant groups in high-income countries culturally converge more over time towards the host population, gender differences may decrease \[[@CR56]\].

Strengths and limitations {#Sec21}
-------------------------

The main strength of the RODAM study is the use of well-standardized approaches across the various study sites. Another unique strength of this study is the homogeneity of the study population across the different settings in Africa and Europe. Thus, this study was able to examine the difference of CVH prevalence across different living environments without a high risk of a severe confounding influence from genetic differences between populations across the sites. Another strength is the CVH construct, which provides a relatively holistic grouping of behavioural and biomedical risk factors for CVD. However, there were some limitations that warrant consideration. First, although the same methods were applied in all sites, the recruitment strategies had to be adapted to suit the local circumstances due to differences in registration systems. Ghanaian participants in Amsterdam, for example, were drawn from the Amsterdam Municipal Population register, whereas London participants were drawn mainly from Ghanaian organizations lists. It is possible that individuals who were not on the lists of these organizations differ in terms of socio-demographics, which might somewhat affect the representativeness of Ghanaian migrants in London and Berlin. Nevertheless, evidence suggests that most Ghanaians in Europe are affiliated with Ghanaian organizations \[[@CR15]\]. We, therefore, anticipate that our study is representative of the Ghanaian population living in Berlin and London. Second, misclassification may have occurred in the PA and diet metrics, as both were measured based on self-reported questionnaires, which were not designed to evaluate an individual's absolute amount of dietary intakes or PA \[[@CR57]\]. Misclassification in the diet and PA metrics is likely to have overestimated the proportion of individuals in the ideal category due to social desirability bias. Moreover, the sodium intake (for the diet metric) was estimated from average sodium levels in dietary components reported, especially condiments, and did not include salt added while cooking or table salt. It has been shown previously that estimates of overall sodium intake estimated from a food frequency questionnaire (FFQ) do not correlate well with urinary sodium excretion. Thus, it is likely that there is a considerable underestimation of sodium levels within the diet metric. Sodium intake is, therefore, likely to have been underestimated. However, our approach on using approximations of the recommended consumption of fruits and vegetables, as well as the level of PA should not affect comparisons between sites. Third, smoking might have been under-reported in our study population due to a tendency towards responses considered socially desirable. The use of objective measures to confirm smoking status, such as urine analysis of nicotine metabolites, was unfortunately not conducted. In addition, the proportion of missing data in the diet metric may have biased our results. However, we used multiple imputation to improve the reliability of the results \[[@CR21]\]. Finally, due to a lack of published data on CVH among the host population, in Amsterdam, Berlin, and London, we were unable to compare our results to the local population in the European sites. Despite these limitations, the RODAM study provides important data on living environment in determining CVH in the context of migration.

Conclusion {#Sec22}
==========

Overall, the proportion of ideal CVH is extremely low in Ghanaians, especially among those living in urban Ghana and Ghanaian migrants in Europe. This study highlights the importance of living environment in determining CVH in the context of economic migration. Further studies need to be carried out to understand the causes, which may account for the differences in CVH across different living environments. This study shows a large gap between the prevalence of the ideal CVH and the AHA goal of improving cardiovascular health among Ghanaian migrants to Europe. When key determinants of poor ideal CVH have been identified, targeted CVH health promotion efforts at various levels (individual, social, political, and environmental) are required.
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